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ABSTRACT 
The c omp os i t i on s  an d sug ar l i nkages of t h e  ac i d i c  
ex t r ac e l l u l ar p o l ysacch ar i de < EPS > from several Rhiz obium 
t r i f o l i i  mut an t s  were comp ar ed . Th e se mut an t s  were d er i ved 
f rom a w i l d  t yp e  Rh i z ob i um t r i f ol i i ,  ANU843, and a r e  
unab l e t o  c ause n or ma l  r oot ha i r  c ur l i n g ,  Hae-, or 
n od u l a t e  c l over, Nod - .  Th ree o f  t he mut an t s  c on t a i n a Tn5 
i n ser t i on i n  a 5 . 3 kb Bg l ll f ragmen t  of the symbiot i c  
p l asmi d Cp Sym ) . A f our t h  mut a n t  i s  miss i n g t h e  p Sym, 
wh i c h i n c l ud es muc h of the 5 . 3 kb Bglll f r ag men t, bot h  of 
t hese d e l et i on s r es u l t i n  Hae-Nod - p h en ot yp es .  When t h e  
5 . 3 k b  Bg l l I  f r ag men t i s  c l on ed CpRT 1 50 )  an d r e i n ser t ed 
in t o  t he pSym- mut an t ex t r eme r oo t  h a i r c ur l i n g  occur s 
Ch ae++> , b ut t h e  st r a i n st i l l  d oes n o t  n od u l a t e, Nod - .  I f  
a s e l f -t r an s m i s s i bl e p Sym ( p BR 1 AN >  f rom another Rh i zob i um 
t r i f o l ii i s  i n t r oduced i n t o  t h e  p Sym- mut an t bot h r oot 
Th ese h a i r cur l i n g and nodu l at i on r es p on ses are r e s t or ed . 
r esu l t s  s ug g est t hat the EPSs of t h ese stra i n s  ar e 
iden t i c a l  i n  struc t ur e .  Comp ar i son w i t h  k n own EPS 
s t r u c t ures f r om oth er Rh i zobium trif o l i i , Rh i zob i um 
phaseo l i a n d  Rhizob i um l egum i nosarum strain s sug g est t h at 
t hey are the same as r ep or t ed .  Th ese r esu l t s  sug g est t h a t  
n e i ther t h e  genes o n  t he 5 . 3 k b  Bg l I I  fr ag ment of t h e  p Sym 
n or t h o s e  on t h e  entire p Sym are i n vo l v ed in t h e  
b i osyn thes i s  o f  t he over a l l EPS s t r uc t ur e .  I n  ad d it i on, 
c or rec t i on of Hae- phenot yp e w i t h  p RT150 an d of t h e  
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Hae-Nod - p h en o t yp e  w i t h  p BR1AN d oes n ot alt er t h e  EPS 
s t r uc t ur e . Th us t h ese r esu l ts a l so sug gest t h at t h e  
ac i d i c  E P S  ar e n o t  in v o l ved in t h e  ear l y  even t o f  marked 
r oot h a i r c ur l i ng .  These c on c l us i on s must be qual i f i ed 
somewh a t  s i n c e  t h e  l oc at i on s  of base l ab i l e  subst i t uen t s, 
acet a t e  and B-h yd r ox ybutyr at e ,  h ave n ot been d e t er m i n ed . 
2 
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I NTRODUCT I ON 
Legumes wh en i n  a symb i ot i c r elat i on sh i p  wit h members 
of t h e  g en u s  Rh i zob i um c an f i x  n i t r ogen ,  t h at is convert 
d i ni t rog en t o  ammon i a C39 ) . Th i s  r e l at i on sh i p  is a 
sp ecif ic on e; on l y  o n e s p ec i es of Rh i z ob i um w i l l  be t h e  
symb ion t t o  one g en u s  o f  l eg ume C39>. Th e i mportanc e o f  
this relationship i s  t wo f o l d .  For one it is of econ om i c 
importance for t h e  a g r i c u l t ur e  i n d us t r y . I t  al l ows t h e  
ag r i c u l ur l i st t o  save money on n i t r og en f er t i l i z er .  On 
t h e  o t h er h a n d  i t  i s  i mp or t an t  to the p lan t pat h o l ogist 
bec ause of the s i m i lar i ti es it has w i t h  p lan t pat h ogen s . 
Th er efore, an und ersta n d i n g of the Rh i z obium- l eg ume 
symbiosis i s  i mp or t an t  t o  the i mp r ovemen t of ag r i c u l t u re 
and t h e  p r even t i on of p lan t d i sease . 
The c omplex i t i es of the symb i oti c p r oc ess are ju st now 
c oming to the attention of researchers .  At f i r st ,  what 
wa s thought t o  b e  a sur f ac e  i nt er ac t i on b et ween t h e  
Rh iz o bium an d  t he l egum e  now may n o t  b e .  I t  may b e  that 
the symbios i s  i s  reg u l a ted by the p lan t or the Rhizobium 
or b y  b ot h  < 4, 1 9 ) . T h e  s t e p s  t h a t l ead t o  a succesf u l  
symb i o s i s i n vo l ve ; (1) recognition b y  t h e  l egume or 
Rhizobium of the p rop er symb i on t; <2> at t ac h men t of the 
Rhizobium to the l egume root v i a some molecular 
interaction; C3> c url i ng of t he root hair, which may b e  
regulated b y  t h e  Rhizobium o r  th e l eg ume ; (4) en trapmen t 
of the Rhiz obi um b y  the c ur l ed root h a i r a n d  s ub sequen t 
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f or mat i on of t h e  i nf ec t i on t h r ead; <S > m i g r a t i on of th e 
Rh i z ob i um t h r ough t h e  i n f ec t i on t h r ead i nto t h e  i nner 
c or t i ca l  tissue of t h e  l eg um e  r oot; (6) r elease of t h e  
Rh i z ob i um i n t o  t h e  c or t i c al t i ssue a n d  d i f f er en t i at i on of 
the Rh i zob i um i nt o  a b ac t er o i d ; an d < 7> d i f f er en t i at i on of 
th e c or t i c a l  t i ssue i n t o  a n od ule < 4,23,29). 
The r ec og n i t i on step will d eter m i n e  wh et h er a 
Rhiz ob ium i s  r ec og n iz ed as t h e  p r op er symb i on t  or as a 
pot ent i a l p at h o g en (16). I t  i s  n ot kn o wn wh eth er t h e  
r ec og n i t i on s t ep oc c u r r s  b ef or e  o r  a f ter at t ac h men t . Wh at 
has b een f ou n d  i s  th a t  at t ac h ment i s  n ec essar y f or a 
suc c essf ul symb i os i s or , f or t h at matt er, f or a suc c es s f u l  
inf ec t i on b y  a p at h og en ( i . e . A g r o b a c t er i um-d i cot> 
( 54,58 ) . Wh et h er att ac h men t i s  nec essary f or t h e  
r ecogni t i on step i s  n o t  u n d e r s t ood . I n  oth er word s, t h e  
a t t achment p r oc ess and t h e  r ec og n i t i on p r o c ess c ould b e  
re l ated or b e  o n e  an d t h e  same . S i n c e  t h e  i n i t i a l st ep s  
i n  t he i nfec t i on pr oc ess oc c ur a t  t h e  sur f ac e  o f  t h ese t wo 
organi sms the mo l ec u l es most l i ke l y t o  b e  i nvolved i n  t h e  
infec t ion ar e l i ke l y t o  b e  t h e  sufac e m o l ec u l es 
<4,13,19,29>. On Rhizob i um t h e  preva l e n t  sur f ac e  
molecul es ar e p olysac c h ar i d e s  and p r o t e i n s; t h e  same i s  
true f or t he l eg ume r oot . T h e  maj or suf ac e 
po l ysac c h arides of Rh i zob i um ar e ext r ac ellu l ar 
polysac c h ar i d e s  <EPS>, c a p sular p olysac c h ar i des < CPS > ,  
l i popolysa c c har i de s  < LPS> an d neut r a l  g l ucan s C13>. 
One h yp ot h es i s, wh i c h has muc h sup p or t ive ev i d en c e, 
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sug g est s t hat pr ot e i n s  on t h e  sur f ac e  of t h e  p lan t c an 
r ec og n i z e c er t ain o l i g osac c h arid e  f r ag men t s  on t h e  sur f ac e  
o f  Rh i z ob i um < 4,7 , 8 , 1 9, 50 , 54> . These p l ant pr o t e i n s  ar e 
c a l l ed l ec t i n s .  Th e p o l ysac c h ar i d e s  on th e sur f ac e  o f  
Rh i z ob i um wh i c h have b een sh own t o  s p ec i f ic a l l y  b i n d 
l ec tin s a r e  t h e  EPSs , CPSs a n d  LPSs 
< 4 , 7 , 8 , 1 9,29,34 , 40 , 50 , 5 1 , 54 >  < See, h owever , Ruvkan eta l . 
1982 f or evide n c e  t h at s h ows th at t h es e  p o l ysacc h ar id e s  d o  
not b i n d l ec tins> . A r ec en t  r ep or t  sh ows th at EPS and CPS 
c an c ause r oot h a i r def ormat i on ,  b ut n o t  mar k ed r oo t  h a i r 
c ur l i n g ,  a n d  t h at LPS d oes n ot c au se r oo t  hair d ef or mation 
< 26 ) . T h e  ab i l ity of sever a l  dif f eren t  str a i n s  of 
Rh i zobium j ap on i c um ,  whic h n o r mall y n od u l at e soyb ean s ,  t o  
b i n d soyb ean l ec tin has b een sh own, whil e h et erol ogous 
Rh i z obiu m  sp ecies c ou l d n ot b in d  soyb ean l ec t in < 7 , 8 , 1 1 > . 
A st r ain of Rh i zobium jap on i c um whic h c ou l d n o t  bin d 
soybean l ec t i n  c ou l d b e  in d u c e d  to b in d  l ec t in i f  i t  was 
c u l t ured wit h h ost r oo t s  or r oot ex udat e fr om t h e  h ost 
(7). The h ap t en f or soyb ean l ec t in ,  
N-ac e t yl-D-g a l actosamin e ,  h a s  b een s h own t o  in h i b i t t h e  
att a c h ment of Rhizob i um japon i c um t o  soyb ean l ec tin C52 > . 
However, sever a l  c u l tivar s of G l yc i n e  max have been f ou n d 
t h at d o  n ot c o n t ain a n y  soyb ean l ec t in an d yet c an stil l 
b e  n odu l a t e d  b y  Rh i zob i um jap on i c um < 4 1 > . 
A c or r e l at ion b et w een l ec tin b i n din g an d in f ec t i vity 
us i n g Rhizob i um t r i f o l ii -c l over h a s  b een sh own C 1 7). It 
was a l so fou n d  t h at a c ommon an tig en i c  struc t ur e  c ou l d b e  
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found on the surface of the host root and Rhizobium 
trifolii ( 1 7) .  
2-deoxyglucose. 
The hapten for this common antigen was 
Other investigations have shown that the 
receptor for the lectin on Rhizobium japonicum may be 
transient in nature <40> . For example, cells harvested in 
late log phase have 4-0-methyl-galactose instead of 
galactose, whereas cells harvested earlier d o  not have the 
4-0-methyl-galactose. The 4-0-methyl-galactose is 
responsible for lectin b i nding. Also, substituents on the 
EPS or CPS may var y w i th cultural age and may be 
responsible for lectin binding <33 , 40 ) .  
I f  lectins ar e i nvo l ved, ex actl y how they are involve d  
i s  open t o  speculation. The lectin-polysaccharide 
interaction may not be the specific recognition step but 
may be necessary for induction of some specific receptor 
<4,19,54). The induction of the receptor may be by a 
molecule from the legume or the Rhizobium. On the 
assumption that surface molecules are involved, the 
Rhizobium-legume interact ion may be stud i ed through the 
use of rhizobia that are d ef ec t i ve in the early events of 
infection <e.g. attachment or root hair curling). 
This research will concentrate on the role and 
structure of EPS in the early events of infection an d the 
genes i nvo l ved i n  the biosynthesis of EPS. Through a 
collaborative project with Dr. Bar r y  Rolfe of the 
Australian Nat i on a l  University, mutants of Rhizobium 
trifolii have been isolated which either can n ot c ause 
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r oot h a i r c ur l ing or c an c ause ex t r eme r oot h a i r curli n g  
a s  c omp ared to the paren t ( 1 5 , 21 , 43 , 48, B . G . Ro l f e  p er son al 
c omm . > .  These mutants wer e i so l ated t h r ough a t ec h n i que 
called s i te dir ec ted mutagen e s i s using t r an sposon T n 5  a s  
t h e  mut agen <6,44 ) .  Site direc t ed mutagen es i s i s  used t o  
s e l e c t i ve l y mutate a spec i f ic r egion of t h e  host DNA <45) . 
Mem b ers o f  the genus Rhizobium contain a plasmid, 
extrachromosomal DNA, wh i c h is k n own to contain genes 
nec essar y for symb i os i s <22,23,49) . This plasm i d i s  
c a l led the symb i ot i c  p l asmi d < p Sym > . On this pSym is a 
reg i on wh i c h c onta i ns g enes that control some aspec t of 
nodulation <pSym-nod> < 22 , 47 , 49 ) . T h e  pSym-nod region 
f r o m  Rhizobium trifolii was removed with r estr i c t i on 
e n zymes an d i so l a t e d . Th e p Sym-nod r eg i on was cloned in a 
p l a s m i d cloning vector which was then introduced into 
Esc her i c h ia c ol i .  The tran s f ormed Esc h er i c h i a  c o l i was 
i nf ec t ed wit h l amb d a::Tn5 . Plasmi ds cont a i ning Tn5 wer e 
isolated and the location of Tn5 d eterm i ned b y  r e s t r ic t i on 
enzyme ana l ys i s .  T h e  pSym-nod: :Tn 5 was rec l oned i n t o  a 
c onjuga tive cloning vector and transferred to Rhizobium 
trifo l i i  b y  conjug at i on . After homologous rec ombinat i on ,  
the p S ym-nod : : Tn 5 is in cor p or at ed i n t o  t he l oc a t ion of t h e  
parent a l  pSym-nod . Isolation of Rh i zob i um t r i fo l i i  
st r ains c arr ying t h e  p Sym-nod : : Tn5 is ac h i eved by 
selection for t h ose st rains re s i st an t  to t h e  antib i ot i c s 
enc oded for b y  Tn5 . When site directed mutagen esis was 
perfor med on the p Sym-nod of Rh i zobium trifolii ANU843 
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mut an t s  wer e ob t a i n ed t h at c ou l d n o t  c ause r oot h a i r 
cur l in g or wh i ch c aused extreme r oot h a ir c ur l ing 
< 1 5 , 2 1 ,48 ) . 
Rh i zobi um t r i f o l i i  ANU843 h a s  t h e  p h en otyp e Hac+Nod+, 
causes r oot h air c ur l i n g and n o d u l at es t h e  c l over symb i on t  
(57,B . G . Ro l f e  p er sona l comm . > .  Three mutan t s  ANU85 1 ,  
ANU2252 , an d ANU2274 h ave T n 5  i nser t ed in t h e  n od r eg i on 
of the p Sym a n d  are Hae-No d - .  ANU87 1 i s  a d e l et i on mutan t 
wh i c h h a s  a 40-50 k b  reg i on of DNA miss i n g f r om t h e  p Sym 
of ANU85 1 st art i n g f rom about h a l f way i n  t h e  pSym-nod and 
i s  also Hae-Nod - .  ANU845 h as b een h ea t  c u r ed of i t s p Sym 
and is Hae-Nod - .  A NU84 5 < p BR 1 AN >  is d er i ved f rom ANU845 b y  
in s ert i n g p BRlAN i n t o  it , p BRlAN is a sel f - t r an miss i ble 
pSym f r om anot her R h izob ium tri f o l ii s tra i n .  
ANU845Cp RT 1 50> i s  a l so d er i ved f rom ANU845 b y  i n sert in g 
p art of t h e  n o d  r eg ion of t he p Sym of ANU843 b ac k int o i ts 
genome . ANU845Cp RT 1 50) i s  desc r i b ed a s  Hac++Nod - ( i . e . 
causes extr eme r oo t  h air cur l ing> <B . G . Ro l f e  p e r son a l  
c omm . >. 
The struct ur e s  o f  the a ci d i c EPSs of severa l Rh i zob i um 
sp e c ies h ave b een d et er m i n ed 
<2,3, 1 3 , 2 4,25 , 27 , 30,35, 36,42> . Rh i zob i um l egumi nosarum 
1 28C53 an d 1 28C63, Rhizob i um trif o l i i  NA30 and 0403 , an d 
Rhizobium ph aseo l i 1 27K36 a l l have id ent i c a l  st r uc t ures 
<2 , 24,36 , 4 2> . Rhizob i um p h aseo l i 1 27K44 and 1 27K87 h ave 
st r uc t ur e s  wh i ch are dif f er e n t  t h an t hose ab ove (26,27 ) . 
The r esear c h  r ep or t ed h ere w i l l  d emon st r a t e  t h e  
1 2  
c ompos i t i on and g l ycosyl l i n k ages of t h e  ac i d i c  EPSs of 
th e Rh i zo b i um tri f o l i i  mut an t s .  Th e an a l yses were d on e  b y  
g a s  c h r omat ograp h y  CGC>, g a s  c h romat og h r ap h y / mass 
s p ec t r ometry CGC/MS>, c o l or i met r i c  assays, an d methy l at i on 
an a l y s i s .  
EXPER I MENTAL 
Rh i zob i um St r a i n s  T h e  Rh i zob i um t r i fo l i i  st r a i n s  ar e 
as p r esen t ed ab ove and d escri b ed i n  Tab l e 1. T h e  pSym i s  
s h own i n  F i g ure 1 .  Th ese Rh i zob i um t r i f o l i i  st r a i n s  wer e 
ob t a i ned f rom Dr . B.G. R o l f e  of t h e  Austra l i an Nat i on a l  
Un i ver s i t y .  Rh i zob i um l eg u m i n osar u m  1 28C53strepCr >rif ( r )  
was ob t a i n ed f r om Dr . P . A l b ersh e i m of t h e  Un i ver s i t y  of 
Color a d o  a t  Bou l d er .  Rh i zob i um tri f o l i i  s tr a i n s  were 
maint a i n e d  on modi f i ed Berger sen �s s l an t s  at 4 C <Ap p en d i x 
1) (5). Rh i zob i um leg um i n osarum was m a i n t a i n ed on 
Vin cent�s medium s l ants at 4 C <Ap p en d i x  2> C14,55 ) .  Th e 
slan ts wer e per i od ical l y checked f or p r op er ant ib i ot i c  
resist an c e  a n d  gram r eaction . A n t i b i ot i c s used wer e 
kanamyc in C k an >  <S i g ma> and s t r ep t omyc i n  <strep ) <Si gma ) 
for Rh i zob i um trif o l ii st r a i n s  an d s t r ep t omyc i n  an d 
r ifamp i c i n  Cr i f ) <Sig ma> for Rh i zobium leg umino sar um . Th e 
concentr at ion s used wer e 100 ug/ml for a l l  ant ibiot i c s .  
The an t i b i otic test med ium u s ed was th e same a s  t h at used 
to maint a i n t h em . 
Gr owt h Con d i t i ons Bac t eri a were t r an sfer r ed to 1 25 
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m l  f l as k s  c on t a i n i n g 40 m l  of st er i l i z ed med i um an d 
i n c u b at ed at r oom t emp er a t u r e  on a sh a k er at 1 25 r p m  f or 
t h r ee d ay s . Th e b ac t er i a  wer e c h ec k ed f or g r am r eac t i on 
and an t i b i ot i c r es i st an c e  b e f or e  t r an s f er a n d  af t er t h ree 
d ays . A 40 m l  c u l t u r e  was used t o  i noc u l a t e  500 m l  of 
st er i l ized med i um i n  a o n e  l i t er f l a sk and i n c ub a t ed as 
above . On e day b efor e h ar v e s t  t h e  c u l tur e was c h ec k ed for 
gram r ea c t i on an d an t i b iot i c  r e s i s t an c e . Th e gr owt h p h ase 
was f o l l owed by mea surin g th e ab sor b anc e of a l i quot s of 
the c u l t u r e  a t  620 n m .  A t  a n  absor b a n c e  of 1 . 5 , 
ap p r oxi mat e l y ear l y  st at i on ar y p h ase ,  t h e  c u l t u r e  was 
h ar vested . 
Iso l at i o n  of EPS T h e  c u l t u r e  was h ar vest ed b y  
c en t r i f ug at i on i n  a Sor va l l SS- 4 c en t r i f ug e  u s i n g  a GSA 
r o t or <Sorval l >  at 1 2 , 000x g f or 1 5  m i n u t es at 4 C ( 1 4, 42> . 
T h e  sup er n a t a n t  was d e c an t ed, c omb i n ed a n d  c on c en t r at ed t o  
100-200 m l  b y  r ot ar y  evaporat i on a t  r ed u c ed p r es s u r e  an d 
40 C .  I t  was t h en p r ecip i tat ed b y  addin g t h r ee v o l umes of 
957. et h a n o l < 1 4, 4 2> .  The p r ec i p i t a t e  was r ec overed b y  
sp o o l in g i t  out o n  a g l a s s  r od. I t  was t h en d i s s o l ved i n  
deion i zed water , d i a l yzed ag a i n st d e i on i zed wat er four 
times Ca l l  d i a l yses wer e i n  Spec t r a  Par d i a l y s i s t ub i n g 
<Fisher>, Mo l ec u l a r  weig h t  c ut off o f  1 2 , 000- 1 4 , 000) a n d  
fr eeze dried . This ma ter i a l i s  c a l l ed c r ud e  EPS . 
The c r ud e EPS wa s d i s s o l ved i n  1 0  mM Na 2so4 , at a 
fin a l  con c en trat i on of 2 mg/m l , an d 50 m l  of 37. 
cet y l t r i met h y l ammon i um b r om i d e  <Si g ma> was ad d ed w i t h  
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st i r r i ng and h eat ed at 37 C f or 2 h ours < 1 4,42> . A n y  
p r ec i p i t at e  w a s  r ec over ed b y  c en t r i f ug i n g at 12,000x g f or 
1 5  m i nutes at 4 C a n d  wash ed t h r ee t i mes w i th d e i on i z ed 
wat er . Th e p r ec i p i t at e  was d i s s o l ved i n  1 07. NaC l , 
r ep r ec i pit a t ed w i t h  2 vo l umes of acet on e, and r ec over ed a s  
ab ove . Th i s  p r ec i p i t at e  was washed t h r ee t i me s  with 
deion i z ed wat er , d i s s o l ved i n  1 07. NaC l , dia l yzed ag ain s t  
17. NaC l  t h r ee ti mes , a n d  d i a l yzed ag a i n st d e i o i n i zed wat er 
t h r ee t imes, and f r eez e d r i ed .  Th i s  i s  c a l l ed ac i d i c  EPS . 
Ch em i c a l  An a l y s i s For a l l c h emic a l  an a l yses , a 1 
mg / ml s o l ut i on of ac i d i c  EPS was used . Hex ose was 
d e t e r min ed by t h e  an t h r on e  met h od <Ap p en d i x  3> <2 1 > . T h e  
n eut r a l  h ex ose compos i t i on w a s  d e t er m i n ed b y  h yd r o l y s i s o f  
t h e  ac i d i c  EPS t o  mon osac c h ar i d es , r ed uc t i on of t h e  
mon osac c h ar i d es, and a c et y l at i on <Ap p en d i x  4 )  < F i g u r e  2 >  
< 1 > .  Th e a c et y l at ed sug ar s wer e quan t i t at ed b y  g as-l i qu i d 
ch romat og r a p h y  CGC> i n  a Hew l et t Packar d 402 GC equ i p p ed 
wit h a f l ame ion i zat i on d e t ec t or w i t h  h yd r og en at 30 
ml / m i n u t e  and c omp r essed a i r at 400 m l / m i n u t e  as t h e  make 
up g a s . T h e  c o l umn d i men s i on s wer e 4mm x 2m with SP2330 
<Sup l ec o> as t h e  stat i onar y p h ase and n i t r ogen as t h e  
mob i l e  p h as e  a t  2 0  m l /m i n ut e .  A t emp er a t ure p r og r am of 
1 50-24 0  C at 4 C / m i nut e sep ar a t ed the a l d i tol acet at es . 
Th e d e t ec t or t em p er atur e was 240 C a n d  t h e  injec t or 
tempera t ur e  wa s 220 C < 1 , 1 4> .  An y ur on i c ac i d s i n  t h e  
aci dic EPS wer e quantit at ed usin g a c o l orimet r i c  assay 
<Appen d i x 5> < 1 0 ) . Ur onic ac i d s wer e a l so quan t i t a t ed 
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f r om GC / MS an a l y s i s of car b ox y l -reduced met h y l at ed ac i d i c  
EPS. Th i s  was d o n e  by t aki n g  t h e  r at i o  of mass f rag men t 
233 < C-6 n on-d e u t er o >  t o  mass f r ag men t 235 <C-6 
d i d e u t er o> ,  wh i c h i s  t h e  r at i o  of hex ose t o  ur on i c  a c i d  
< F i g u r e  8 )  C M . McNei l p e r s on a l  c omm . > .  The ur on i c  aci d was 
i d en t i f i ed by met h an o l y s i s <App en d i x  6 >  <24) f o l l owed b y  
GC a n alys i s  o f  t h e  ald i t o l  a c e t a t e  der i vat i ves . Th i s  
in volved p r ep ar i ng a d er i va t i ve of t h e  c ar b oxy l gr oup an d 
t h en r ed uc i n g i t  t o  an a l c oh o l . The c ar b ox yl g r ou p  i s  n ot 
n orma l l y  r ed uc ed b y  sod i um b or oh yd r i d e, b ut c an b e  r e d uc ed 
wh en i t  i s  i n  an est er l i nkag e ( i . e . met h y l  ester > . The 
ald i t o l  a c e t a t e s  of t h e  p o l ysac c h ar i d e  wer e t h en p r epar ed 
an a n a l yz ed by GC an a l y s i s .  An i nc r ease i n  g l u c ose 
i nd i c a t es t h at the uron i c  ac i d  i s  g l uc uron i c  ac i d. Th e 
ur on i c ac i d  c ou l d a l so b e  i d en t i f i ed f r om t h e  GC/MS d at a .  
Any sug ar t h at c on t a i n ed a d i d eut er a t ed C-6 wou l d b e  an 
ur on i c ac i d .  T h i s  is est ab l i shed b y  mass f r ag ment 235 . 
Sub s t i t uen t s , p y r u v y l  a n d  acet y l , wer e quant i t a t e d  
us i n g c o l or i me t r i c assays <Appen d i c e s  7 a n d  8 )  (3 1 ,37> . 
A c et y l  was a l so i d ent i f i ed u s i n g  GC an a l ys i s <Ap p en d i x  9> 
(28 ) . The s t a t i on ar y p h a se used f or GC an a l y s i s was 
Por a p a k  QS < Wat er s  Assoc . >  an d the t emp erat ure used was 
i so t h e r mal at 200 C. A l l o t h er p ar amet er s are as d escr i b ed 
ab ove. 
L i nkages of g l yc osy l r es i d ues and sub s t i tuen t s  wer e 
det er m i n ed b y met h y l at i on an a l ysis <Ap p en d i ces 10 and 1 1 >  
< F i g ur es 3 and 4> < 1 , 9,24 , 4 2,53,56 ) . To d eter m i n e  t h e  
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l i nkag es of t h e  g l yc o s y l  r es i d ues , t h e  ac i d i c  EPS was 
un t r eat ed b e f or e  meth y l at i on < 1 , 9 , 2 4 , 42 , 53 , 56) . In or d er 
t o  d e t er m i n e  t h e  l i n kag es of t h e  ur o n o syl an d g lyc o s y l  
r e s i d ues, t h e  ac i d i c  EPS w a s  c a r boxy l -r educed b ef or e  
m et h y l a t i on <F i gur e 4 ) . To d et er m i n e  t h e  l i n k a g es of 
p yr uv y l  t o  g l ycosyl r es i d ues, t h e  ac i d i c  EPS was 
d ep yruvy l at e d  and car boxy l -r educ ed b ef or e  met h y l at i on 
<F i gur e 4) <24, 42 ) . Af ter t h e  p o l ysacc h ar i de was 
met h y l a t ed i t  was h y d r o l yz ed to i t s p ar t i a l l y  met h y l a t ed 
mon o s acc h ar i d es, r educ ed w i t h  s od i um bor o d eu t erid e and 
t h en ac e t y l a t ed. Par t i a l l y ac et y l at ed , p ar t i a l l y  
met h y l a t ed a l d i t o l s wer e quan t i t at ed a n d  i d en t if i ed by GC 
a n d  GC/MS . GC an a l y s i s was p erf or med as desc r i bed abo v e  
a n d  GC / MS w a s  p er for med at t h e  N I H  r egi on a l  c en t er a t  
Wash i ngt on Un i ver s i t y, St. Lou i s, Mo . an d b y  M . McNeil at 
t h e  Un i ver s i ty of C o l or ado, Boul d er ,  Co . 
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R ESULTS 
Gr owt h of Bact er i a  Th e b act eria wer e g r own i n  t wo 
500 m l  c u l t u r e s . T o  i n sur e t h e  p ur i t y of t h e  c u l t ur es, 
ch ec k s  wer e d o n e  at various st ep s of t h e  g r ow t h  p r oced ure . 
Th ese c h ec k s  i n c l u d ed a g r am s t a i n ,  and abil i t y t o  g r ow on 
th e ap p r op i at e  a n t i bi ot i c c on t a i n i ng medium . Suc h  c h ecks 
assur e d  p ur i ty of c u l t ur e  an d st ab i l i t y of t h e  g en ot yp e . 
Iso l at i on of Ac i d ic EPS Wh en t h e  b ac t er i a  wer e 
p e l let ed , t h er e  ap p ear ed t o  be a d i ff er e n c e  i n  th e 
p e l l et s .  For ex amp l e ANU85 1 f or med a ver y t i gh t  p e l l et 
af ter c en t r i f ugat i on an d n o  t u r b i d i t y was ob ser v ed i n  t h e  
sup er n a t an t . ANU845 <pRT 1 50> on t h e  ot h er h an d  f or med a 
l oose p e l l et; t h er e  was some t ur b i d i t y i n  t h e  super n at an t  
wh i c h h a d  t o  b e  r emoved b y  a sec on d c entr i f ugat ion . The 
p ar en t  s t r ain ANU843 f or med a p e l l et that was most l y  t i g h t  
but h a d  some l oose mat eria l . T h e  ot h er st r a i n s  wer e 
s i m i l ar t o  ANU843 in t h e  way t h ey p e l l et ed . The amoun t of 
crude EPS p r od uc e d  from a o n e  l i t er c u l t u r e  f or t h e  
strain s s t ud i ed i s  g i ven in Tab l e  2 .  Th e d at a  sh ow t h a t  
ANU85 1 ,  ANU2252, a n d  ANU2274 a l l pr oduc e r ed uced amoun t s  
o f  c r ud e  EPS a s  c omp ar ed t o  t h e  par en t  st r a i n .  A l l o f  
th ese s t r a i n s  h ave a Tn 5 i n ser t ed i n  t h e  p Sym-n od r eg i on .  
St rain s ANU87 1  and ANU845, b o t h  of w h ic h  h ave d e l et i ons in 
the p Sym, pr oduc e c r ud e  EPS i n  g r eater amoun t s  t h an t h e  
pare n t  s t r a i n .  ANU845 <p RT 150 ) an d ANU845 ( p BR 1 AN> p r od uce 
amount s of c r ud e  EPS s i m i l ar t o  ANU843 . 
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Ac i d i c  EPS Compos i t i on Th e ac i d i c  EPS comp os i t i ons 
are g i ven i n  Tab l e 3, an d are ver y s i m i l ar < w i t h i n  
ex per i men t a l  er r or>. However , a f ew c om p o n en t s  a r e  
d i ff er en t . For ex amp l e, ANU < pRT 1SO> an d ANU845 < p BR 1AN > 
app ear t o  b e  r ed u c ed i n  t h e  amou n t  of g l ucuron i c  ac i d  t h a t  
t h e y  p r od uc e . However , w h en t h e  d a t a  f or t h e  met h y l at i ons 
ar e c on s i d er ed <see b e l ow> , t h ey p r od u c e  amoun t s  s i m i lar 
t o  the ot h er s . Th i s  d i scr ep a n c y  may b e  due t o  er r or s  i n  
t h e  c olor i me t r i c  assay . Al so ANU84S < p RT 150 ) app ear s t o  b e  
l ow i n  pyr uvat e, b ut ag a i n t h e  met h y l at i on d at a  shows 
ot h er w i se .  Ac et a t e  i s  var i ab l e  f or a l l t h e, st r a i n s  an d 
t h i s var i ab i l i t y h a s  not b een a c c ount ed f or s i n ce t h e  
l oc at i on o f  acet yl g r oups h a s  n ot b een d e t er m i n ed .  Th e 
mo l ar r at i o of g l ucose/g a l act ose/g l uc u r on i c 
ac i d/pyr uvat e/ac et a t e  i s  S/ 1 /2/2/ 1 and c ompar es f avor ab l y  
t o  t h a t  f or R h i zobium leg um i n osarum 128C53str ep < r>r i f ( r )  
< Tab l e 3 > . 
Th e u r on i c  ac i d  was i den t i f i ed by met h an o l y s i s < 24>; 
f o l l owed b y  GC an a l ys i s o f  t h e  a l d i t o l  a c e t a t e  
der i vat i ves . An i nc r ease i n  g l ucose upon GC ana l y s i s 
i n d i c a t ed t h at i t  was g l uc ur on i c  acid . Id en t i f i c at i on o f  
ur onic ac i d  was c o n f i r me d  i n  ANU2252 b y  met h y l at i on d a t a  
on c arbox y l -r educed, met h y l at ed aci d i c  E P S  <F i g ure 8 )  
CM . Mc Ne i l per sone l comm . > .  Wh en th e acid i c EPS was 
r ed uc ed w i t h  sod i um b or odeuter i d e and t h en meth y l at ed , C-6 
did e u t e r o  <mas s  f r ag ment 235> was f oun d on l y  i n  t h e  
4- l i n k ed g l uc osy l i nd i c at i n g on l y  4- l i n k ed g l u c u r on s y l  was 
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p r esen t . The ac et a t e  was c on f i r med by b ase hydrol y s i s of 
the ac i d i c EPS f ol l owed b y GC an a l ysi s .  A c omp ar i son of 
r et en t i on t i mes w i t h  a g l ac i a l a c et i c  ac i d  s t an d ard sh ows 
t h a t  t h e  mat er i a l r e l eased by b ase h yd r o l ys i s i s  ac et at e  
(d at a n ot shown > . 
Met h y l at i on An alys i s Th e g l ycosy l  l i nkag es of t h e  
var i ous a c i d i c  EPSs were d eterm i n ed b y  met h y l at i on 
an a l yses < 1 ,9,24,42,53 ) .  Th e r esu l t s  of t h e  met h y l at i on 
an a l y s i s ar e i n  Tab l e  4 .  F i gur es 5 and 6 show t h e  GC 
p r of i les of d ep yr u vy l a t ed , c ar b oxy l -r educ ed met h y l a t ed 
ac i d i c  EPS and c ar b ox y l -red u c ed met h y l at ed ac i d i c  EPS of 
ANU843 and ANU845Cp RT 1 50 > . The l i n kage an a l ysi s of t he 
un t r ea t ed ac i d i c EPS r evea l ed t h e  f o l l ow i n g  g l yc osy l 
resid ues : 4-g l ucosy l , 4,6-g l uc os y l , 4,6-g a l actosyl , 
3, 4, 6-gl uc osy l , t er min a l -g l u c o sy l , a n d  t e r m i n a l -ga l ac t osy l 
<d a t a  n ot sh own > . a-e l i mi n at i on of a non-r educed 
4-gluc u r on os y l res i d ue r esu l t s  i n  t h e  r e l ease of an 
un s a t ur at ed g l ycosyl resi d u e  (f r om 4-g l uc uron osy l >  and 
t er min a l - g l u c osy l ( f rom the adjac en t 4-g l uc o sy l > < F i g ure 
7) (9). Wh en t h e  a c i d i c  EPSs ar e c a r box yl-r ed uc ed and 
th en m et h y l a t e d ,  ther e is an in c r ease i n  t h e  4-gl uc os y l , 
in dicati ng t h e  g l uc ur onsy l  i s  4 - l i n ked . A l so mass 
fra g ment 235 C d i d eut er o  C-6> is foun d on l y  in 4-g l uc osy l . 
When t h e  ac i d i c  EPSs ar e d e p yruvy l at ed ,  c ar b ox y l -r ed u c e d ,  
and t h en met h y l at ed, sever a l  c h anges oc cur . Aga i n mass 
fr ag men t 235 is f oun d on l y i n  4 -glucosy l .  Also, t h e  
d epyr uvy l at i on r esu l t s  i n  t h e  disap p earance of 
20 
3 , 4,6-g l uc o s y l  and t h e  ap p earan c e  of 3-g l uc osy l . Thus , 
t h e  3-g l uc osy l h as a p yruv y l  i n  a 4 , 6 l i n k ag e .  S i n c e  
t h er e  i s  n o  d ec rease i n  t h e  4 , 6-g l uc osy l  t h i s  i s  
c on s i d ered a b r a n c h  p o i n t  i n  t h e  p o l ysac c h ar i d e .  Th ere i s  
a d ec rease i n  4,6-g a l ac t os y l an d an i n c r ease i n  
t erm i n a l -g a l ac t osy l i n d i c at i n g t h a t  t h e  g a l a c t osy l h as a 
p yr uvy l g r oup l i n k ed 4 , 6 .  Not a l l t h e  g a l ac t osy l r es i d ues 
a r e  p y r uvy l ated , h owever, s i nc e  t h ere i s  
t erm i n a l -g a l ac t osy l even i n  un t r eat ed an d c a r b ox y l -r educ ed 
ac i d i c  EPSs . A l so ,  not a l l 4 , 6-g a l ac t osy l r esi dues are 
d e p y r uvyl at ed s i n c e  t h ere i s  a l ways 4 , 6-ga l ac tosy l 
p resen t .  In o t h er Rh i zob i um ac i d i c  EPSs t h e  p yruvy l g r oup 
l i nked to t h e  t e r m i n a l -g a l ac t osy l h a s  b een sh own to b e  
r es i s t an t  t o  ac i d . Th e r eason f or t h i s  i s  st i l l  un k own 
C24 > . Th e resu l t s  f or Rh i zob i um l eg u m i nosarum 
1 28CS3strep (r ) r i f ( r) ac i d i c  EPS are t h e  same f or a l l 
t r eat men t s  ex c ep t  f or o n e  g l yc osy l r es i d u e . The 
t er m i na l - g a l ac t osy l p r e s en t  i n  un treat ed an d 
carb ox yl-r educed ac i d i c  EPSs of Rh i z ob i um t r i f o l i i  i s  not 
pr esen t i n  t h e  Rh i zob i um l eg um i n osarum ac i d i c  EPS un t i l 
af t er d epyruvy l at i on. Th i s  suggest s t h at a l l of t h e  
t er m i n a l -ga l ac t osy l res i d ues ar e p yruvylated i n  Rh i zob i um 
leg um i nosarum 1 28CS3st r ep<r>r i f (r ) b ut not i n  t h e  
Rh i zob i um t r i fol i i  st r a i ns i nvest i gat ed . 
D ISCUSS ION 
2 1  
T h e  resu l t s  of t h ese e x p erimen t s  i n d i c a t e  t hat < w i t h i n  
ex p er i men t a l  err or > t h e  ac i d i c EPSs o f  t h e  Rh i zob i um 
t r i f o l i i  st r a i ns i n vest i g at ed are t h e  same w i t h  reg ard t o  
t h e i r g l ycosy l c omposi t i on, g l ycosyl l i n k ages , p yruvyl 
c omp o s i t i on ,  pyr uvyl l i n k ages , and a c et y l  c omp os i t i on 
< Tab l es 3 a nd 4 > . T h e  se quenc e of g l ycosyl l i n k ages , 
anomer i c  c on f i g urat i on ,  a n d  a c et y l  l i n kages wer e not 
d e t erm i n ed . Th e y i e l d of ac i d i c  EPS d i f f ers i n  t h e  
mut an t s  wh en c ompared t o  t h e  p ar e n t  stra i n < Tab l e  2 > . 
Th i s  d i f f eren c e  may i n d i c a t e  t h at t h e  p Sym-n od r eg i on m a y  
enc od e a produc t t h at a f f ec t s  p r oduc t i on o r  sec r et i on o f  
t he acid i c  EPS. 
The differences in the yield of the crude EPS from the 
stra i n s  i n vest i g at ed ma y b e  d ue t o  t he i r mut at i on s. F or 
examp l e ,  b o t h  ANU87 1 an d ANU845 prod u c e  mor e c r ud e  EPS 
t h an t h e  p aren t stra i n ANU843 . Bot h o f  t h ese st ra i n s  are 
m i ss i n g  a m a j or p o r t i on of t h e  p Sym , i nc l ud i n g a l l of t he 
pSym-nod . St r a i n s  ANU85 1 ,  ANU2252 , and ANU2274 all h av e  
Tn5 i n  t h e  p Sym-nod reg i on and a l l p r od uc e  sma l l er amoun t s  
of c r u d e  EPS t h an A NU84 3 . ANU845<pRT 1 50> c arr i es on l y  t h e  
p Sym-nod reg i on an d p rod uc es ap p r ox i ma t e l y t h e  same amou n t 
of c r ud e  EPS as d oes ANU843 . ANU845 < p BR 1 AN >  c on t a i n s  a 
p Sym f rom a n o t h er Rh i zob i um t rif o l i i  an d p r oduc es crud e 
EPS i n  t h e  same ap p r o x im a t e  a mount as ANU843 . Th us, t h e  
pSym m a y  r egu l a t e  t h e  p r oduc tion or exc r etion o f  c r u d e  
EPS. 
B ased on t h e  c omp osit i on and linkag e  d at a ,  t h e  ac i d i c  
22 
EPS s  f or t h e  Rh i z ob i um t r i f o l i i  mut an ts i n vest i g a t e d  h ave 
a st r uc t ur e  t h at i s  i d en t i c a l  to t h at of Rh i z ob i um 
trif o l i i  NA30 an d 0403 , Rhi zob i um l egumi nosarum 1 28CS3 and 
1 28C63 , and Rh i zob i um p h aseo l i 127K36 <Figur e 7) < 1 3 , 24 > . 
I n  f ac t , a c ompar i son of t h e  d a t a  i n d i c ates t h at t h e  
l i n kages a r e  i d ent i c a l  < w i t h i n  err or> exc ep t t h a t , in t h e  
mu t ant s ,  not a l l o f  t he t er m i n a l -g a l ac t osyl r esi d ues h ave 
a 4,6-p yr uvy l .  I n  t he rep or t ed s t r uc t ur es < 1 3 , 2 4 , 42 ) , al l 
of t h e  t er m i na l -g a l a c t osy l r e s i d ues are p yruvy l at ed .  T h e  
d a t a  sugg est th at on l y  on e-ha l f o f  t h e  ga l ac t osy l r es i d ues 
ar e p yr uvy l ated i n  t h e  Rh i z ob i um t r i f o l i i  mut an t s  st ud i ed .  
F i gur e 7 sh ows the p r op osed s t r u c t u r e  of t h e  ac i d i c  EPS of 
Rh izob i um t r i f o l i i  NA30 and 0403 < 42> , Rh i zobi um 
l eg u m i nosarum 1 28CS3 and 1 28C63 < 42>, an d Rh i zob i um 
ph aseo l i 1 27K36 ( 24> . To f ur t her c omp a r e  t h e  st r uc t ur e  of 
t h e  m u t a n t s  stud i ed to t h at of r ep or t ed st r u c t ur es 
( 13, 24,42> , the ac i dic EPS of Rh i z ob i um l egum i nosarum 
1 28CS3s t r ep(r )r i f (r ) was i so l ated and ch ar ac t er i zed ( 1 4 ) . 
The d a t a for i t  was i den t i ca l  t o  t hat rep or t ed for 
Rhizob ium l eg umi nosar um 1 28CS3 <13 , 4 2 ) . A l t h ough the 
mut ant s are i d ent i c a l  i n  r eg ar d  t o  the f ea t ur es 
i nvest i ga t ed , ot h er sub stituen t s  may b e  d i f f er e n t . For 
example ,  B -h yd r oxyb u t yr ate h as b een sh own to be a 
compon en t of t h e  EPS of some Rh i z ob i um t r if oli i st r a i n s  
<32,33) . Th e acet y l  l oc a t i on may b e  an i mp ort an t f ac t or . 
In Pseudomonas aer ug i nosa , a c ha n ge i n  t h e  l oc atio n  of an 
ac etyl group wi l l  determ i ne t h e  ab i l i t y t o  b i n d p h a g e  <B>. 
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Th e gr owt h p h ase h a s  b een sh own t o  af f ec t  t h e  p yruvy l 
sub st i t uen t s  on Rh i zob i um t r i f o l i i  EPS and CPS 
< 1 2 , 33,34,40 ) .  F i n a l l y, t h e  p r esen c e  of h ost r oot 
mol ecu l es may i n d u c e  Rhizobium to p rod uce a mod i f ied EPS 
(8 ) . 
Based on t h e  d a t a  f rom t h i s i n vest i gat ion, t h e  
p Sym-n od r egion d oes n o t  d e t er min e th e overa l l struc t ure 
of the ac i dic EPS . Th e amoun t s  of c rude EPS produc ed b y  
t h e  mut an t s, suggest t h e  in v o l vemen t o f  t h e  p Sym-n od 
r egion in the p rod uc t ion or secret i on of t h e  EPS f rom t h e  
Rh iz ob ium t r i f o l i i  mutan t s .  A c omp arison o f  t h e  ac i d i c  
EPSs of Rh i z ob i um t rif o l ii , Rh iz ob i um l egum i n osarum, and 
Rh iz ob i um p h aseo l i r evea l s t h e  f o l l owin g r e l at ion ship s: 
< 1 >  the EPS c an n ot be d i r e c t l y  in vo l ved in t he 
spec i f i city of t h e  s ymbios i s  s i n c e  d i f f er en t  sp ec i es of 
Rh i zob i um h ave i d en t i c a l  EPSs < 2, 1 3,36 , 42 > , and the EPSs 
of the same species of Rh i zob i um c an b e  d i f f er en t  
<2 4 , 25 , 27 > ; < 2 >  t h e  EPS c an n o t  b e  in vo l ved i n  t h e  root 
hair c ur l ing sin c e  t he Hae- mut an t s  and Hae++ mut a n t  have 
the same EPS as t h e  p arent str ain; (3 ) t he p Sym-n od r eg i on 
does n ot h ave an y r o l e in t he b i osyn t h es i s of the EPS 
s i n c e  mutat ion s in t h i s  reg i on do not af f ec t  the struct ure 
of t he EPS; an d < 4> a Rhiz ob i um spec i es i s  kn own wh i c h 
p r oduces n o  EPS and s t i l l  n od u l ates t h e  p rop er host 
< 1 4, 1 5,R . W . Car l son un p ub l i sh ed d at a > . 
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TABLE 1 .  RELEVANT CHARACTER I ST I CS OF RH I Z OB I UM STRA I NS 
STRA I N  
- - - - - -
R . t r i f o l i i  
-
ANU843 
ANU85 1 
ANU2274 
ANU2252 
ANU8 7 1 
ANU845 
ANU845 < p RT150 > 
ANU845 < p BR 1 AN >  
R . l egumi n osar um 
- --
1 28C53 
GENOTYPE 
- ---- - - -
w i l d  t yp e  
T n 5 : : n od A  
T n 5 : : nodA 
Tn 5 : : n od B  
p Sym 40-50 
kb d e l et i on 
p Sym- h eat 
c ured 
5 . 3 kb of 
p Sym nod 
R .  t r i f ol i i  
p Sym 
PHENOTYPE ANT I B I OT I C RES I STANCE 
- - - - -- - - - - - - - - - - - - - - - - - - - - - - - -
h ac +n od +  k an < s >  s t r ep < s >  
h a c -n od - k an < r > st r ep < r > 
h ac -n od - kan < r >  st r ep < r >  
h ac -n od - k a n < r >  s t r ep < r >  
h a c - n o d - k an < s >  s t rep < s >  
h ac -n o d - k an < r >  s t r ep < r >  
hac ++nod - k an < r >  s t r ep < r >  
hac +nod + k an < r >  s t r ep < r >  
h ac +  st r ep < r >  r i f ( r ) 
k an = kan amyc i n ;  s t r e p =st r ep t omyc i n ;  r i f =r i f amp i c i n ;  h a c =r oot h a i r c ur l i n g ;  
n od =n od u l at es .  
vi 
vi 
TABLE 2 .  THE Y I EL D  OF CRUDE E X TRACELLULAR POL YSACCHAR I DE FROM MUTANTS OF 
RH I ZOB I UM TR I FOL I I .  
S TRA I N  AMOUNT OF EPS < mg / L I TER OF CULTURE > 
ANU843 530 
ANU85 1 383 
ANU2274 238 
ANU2252 23 1 
ANU87 1 898 
ANU845 642 
ANU845 C pRT 1 50 >  476 
ANU845 C p BR 1 AN >  469 
r-·· 
(.;� 
+:. 
TABLE 3 .  C OMPOS I T I ONS OF THE AC I D I C  E X TRACELLULAR POLYSACCHAR I DES FROM 
MUTANTS OF RH I Z OB I UM TR I FOL I I .  
STRA I N  GALACTOSE GLUCOSE GLUCURON I C  AC I D  PYRUVATE ACETATE 
- - - - - -
- - - - - - - - -
- - - - - - - -
- - - - -
- - - - -
- - - -
- - - - - - - -
- - - - - - -
R . t r i f o l i i  
--
ANU843 5 . 0+0 . 1 27 . 0+ 1 . 0 7 . 0+2 . 0 1 2 . 0+2 . 0 1 1 . 0+2 . 0  
ANU8 5 1 6 . 0+ 1 . 0  26 . 0+4 . 0 8 . 0+ 1 . 0 1 4 . 0+ 1 . 0  9 . 0+ 1 . 0  
ANU2274 6 . 0+0 . 5  26 . 0+0 . 3 9 . 0+ 1 . 0  1 3 . 0+2 . 0 9 .  0+ 1 . 0 
ANU2252 6 . 0+0 . 2 25 . 0+3 . 0 1 0 . 0+ 1 . 0  1 6 . 0+3 . 0 8 . 0+ 1 . 0  
ANU87 1 s . o+o . 4 24 . 0+ 1 . 0 9 . 0+2 . 0 1 4 . 0+3 . 0 1 3 .  0+ 1 . 0 
ANU845 7 . 0+0 . 5 29 . 0+4 . 0 7 . 0+2 . 0 1 7 . 0+2 . 0  9 . 0+0 . 3 
ANU845 < p RT 1 50 >  5 . 0+0 . 5 25 . 0+0 . 2 6 . 0+0 . 1 9 . 0+ 1 . 0  8 . 0+ 1 . 0  
ANU845 < p BR 1 AN >  6 . 0+ 1 . 0  27 . 0+2 . 0 7 . 0+0 . 2 1 5 . 0 +2 . 0 1 0 .  0+ 1 .  0 
.!3_. l egumi nosarum 
1 28C53 5 . 0+ 1 . 0  26 . 0+ 1 . 0  9 . 0+0 . 4 1 6 . 0+4 . 0 1 2 . 0+2 . 0 
T h e  c ompos i t i on s  a r e  g i ven as umo l es / 1 0  mg of ac i d i c EPS . The v a l ues 
r ep r esen t t h e  aver ag e an d s t a n d a r d  d ev i at i on f or a m i n i mum of t h r ee 
an a l yses f or eac h samp l e .  Th e  p er c en t  EPS mass acc oun t e d  f or b y  t h e  above 
c omponen t s  ar e :  Rh i � ob i um t r i f o l i i  ANU843=86 . 1 0 ;  ANU85 1 =8 7 . 60 ;  
ANU2274=86 . 60 ;  ANU2252=86 . 50 ;  ANU87 1 =84 . 80 ;  ANU84 5=85 . 3 1 ; 
ANU845 < p RT 1 50 > =67 . 82 ; ANU845 < p BR 1 AN > =79 . 35 ;  R . l eg�� i n osarum 
1 28C5 3 st r ep < r > r i f < r > =80 . 6 7 .  
� 
c.n 
TABLE 4 .  THE GLYCOSYL L I NKAGES OF THE AC I D I C  E X TRACELLULAR POLYSACCHAR I DES FROM 
MUTANTS OF RH I Z OB I UM TR I FOL I I .  
GLYCOSYL 
RES I DUE . 
POS I T I ONS DEDUCED 
OF METHYL L I NKAGE . 
R . t r i f o l i i  
GROUPS . 843 85 1 2274 2252 87 1 845 
845 
p RT 1 50 
GLUCOSYL 2 , 3 , 4 , 6 
GALACTOSYL2 , 3 , 4 , 6  
GLUCOSYL 2 , 4 , 6 
GLUCOSYL 2 , 3 , 6 
< GLUCURONOSYL > *  
GLUCOSYL 2 , 3 
GALACTOSYL2 , 3 
GLUCOSYL 2 
TERM . 
TERM . 
3-
4 -
4 , 6-
4 , 6-
3 , 4 , 6-
3 3 2 
( 2 )  ( 5 )  ( 2 )  
2 TR TR 
( 3 )  ( 3 )  ( 2 )  
4 
< TR >  
6 7 6 6 6 4 5 
( 1 0 )  ( 8 )  ( 8 )  ( 9 )  ( 9 )  ( 1 0 )  ( 1 0 >  
0 0 0 0 0 0 0 
( 1 0 )  < 1 3 )  < 1 1 >  < 1 1 >  ( 1 2 )  ( 1 4 )  < 1 3 )  
56 57 57 58 6 1  58 57 
( 59 )  < 58 )  ( 57 )  ( 58 )  ( 58 )  ( 6 1 ) ( 59 )  
1 2  1 1  1 3  1 2  1 4  1 2  1 2  
( 1 2 >  ( 1 4 >  < 1 4 )  < 1 2 )  < 1 2 >  ( 1 3 )  < 1 2 >  
9 8 7 8 1 0  1 0  
( 5 )  ( 3 )  ( 5 )  ( 5 )  ( 6 )  ( 3 )  
1 4  1 4  1 4  1 5  1 5  1 6  
( 2 )  ( 0 )  ( 2 )  < 2 >  ( 2 )  ( 0 )  
8 
( 4 )  
1 4  
( 2 )  
R . l eg .  
845 
- --
p BR 1 AN 1 28C53 
TR 
( 2 )  
4 
< 1 0 >  
0 
( 1 0 )  
54 
( 58 )  
1 6  
( 1 3 )  
9 
( 3 )  
1 7  
( 0 )  
6 
( 4 )  
0 
( 4 )  
0 
< 1 2 )  
54 
( 59 )  
1 3  
( 1 1 >  
1 2  
( 8 )  
1 6 
( 0) 
Th e c omp osit i on s  a r e  g i ven as r e l at i ve p er c en t  ar eas . T h e  val ues ar e g i ven f or 
c ar b ox y l -reduced ac i d i c  EPSs . Th e va l ues i n  paren t h eses a r e  f or t h e  ac i d i c  
EPSs t h at h ave b een d ep yr uvy l at ed p r i or t o  c ar b ox y l -reduc t i on an d meth y l at i on .  
*=Con t a i n s  4-g l u c ur on o s y l  a s  i n d i c a t ed b y  C-6 b e i n g  d i -deut r a t ed . 
\.,.) 
°' 
A 
B 
pSym of 
+-- ANU8 4 3  
c 
multicopy vector 
H 
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ANU843 
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F I GURE 1 .  The symb i ot i c  p l asm i d of Rh i z ob i um 
t r i f o l i i  mut an t s .  A >  ANU845 ( pRT 1 50 > , B >  ANU2252 ,  
ANU2274 ,  and ANU85 1 ,  C >  ANU87 1 .  Ar r ows i nd i c a t e  
wher e T n 5  was i n ser t ed i n t o  t h e  p Sy m . Res t r i c t i on 
en z yme s i t es ;  B=BamH I , Bg=Bg l I I ,  E=Ec oR I , H=H i nd l I I .  
HO 
CHzOH 
0 
0 -
OH 
CHzOH 
I 
HCOH 
I 
HOCH 
I 
HCOH 
I 
HCOH 
I 
CH20H 
CH?OAc 
I -
HCOAc 
I 
Ac OCH 
I 
HCOAc 
I 
HCOAc 
I 
CH2
0Ac 
TRI FLUOROACETIC AC I D  
ACETI C  ANHYDR IDE/ 
PYR I D INE 
F I GURE 2 .  D i a g r am showi n g  h ow ald i t o l  ac et a t es 
ar e p r e p a r ed f r om a p o l ysac c h ar i d e .  
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- o  
HO 
OH DMSO - /CH3 I 
CH20CH3 
l OCH3 
HCDOAc 
I 
Hf OCH3 
H3COfH 
HCOAc 
I 
HCOAc 
I 
HfOCH3 
TRI F LUOROAC ET I C  AC I D  
NaBD4 
ACET I C  ANHYDR I DE/ 
PYR I D I NF. 
F I GURE 3 .  D i ag r am show i n g  h ow a met h y l at i on i s  
p er f or med on an un t r eat ed p o l ysac c h ar i de .  DMSO= 
d i met h y l su l f ox i d e ,  CH 3 I =methyl i od i de .  
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(A) 
O H  OXAL I C  AC I D  
METHYLATE /OR CARBOXY L ­
REDUCE AND PREPARE ALD I TOL 
ACETATE S 
(B)  
NaBD4 
� ocn3 DMSO - /CH3 I 
CDzOCH3 
TRI F LUOROACET I C  
AC I D  
PREPARE ALD ITOL ACETATE S 
F I GURE 4 .  D i ag r am sh ow i n g  p r et r eat ment o f  a 
p o l y s ac c h ar i d e p r i or to met h y l at i on .  A >  
depyr uvy l at i on of a p o l ysac c h ar i da ,  B >  carbox y l ­
r ed uc t i on of a p o l ysac c h ar i d e .  
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A 
B 
F I GURE 5 .  GC p r of i l e  of ac i d i c  EPS f r om Rh i z ob i um 
t r i f o l il ANU843 . A >  c ar b o x y l -r ed u c ed ac i d i c  EPS , 
B >  d e p y r u v y l at ed , c ar b o x y l -red u c ed ac i d i c  EPS . Th e 
p ea k s  r ep r esen t p ar t i a l l y met h y l ated , p ar t i a l l y 
ac et y l a t ed a l d i t o l s of t h e  f o l l ow i n g  g l ycosyl r es i dues ; 
1 )  t er m i n a l -g l ucosyl , 2 >  t er m i n a l -g a l ac t osy l , 3 )  3-
g l uc osy l , 4 >  4-g l uc os y l , 5> 4 , 6-g l uc osy l , 6 )  4 , 6-
g a l ac t osy l , 7 >  3 , 4 , 6-g l uc osy l . 
40 
A 
B 
T 
.
.
.
 
4 
�n.y ·r 
1 2 3 4 
.....,-
7 
F IGURE 6 .  GC p r of i l e  of ac i d i c  EPS f r om Rh i z ob i um 
t r i f o l i i  ANU845 C p RT 1 50 > . A >  c a r b ox y l -r educ ed ac i d i c  
EPS , B >  d epyruvy l at ed , c a r b ox y l -r educed ac i d i c  EPS . 
Th e p ea k s  ar e as d escr i b ed i n  F I GURE 5 .  
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F IGURE 7 .  Pr op osed st r uc t ur e  of t h e  r ep eat i n g un i t  
f rom t h e  ac i d i c  EPSs of Rh i z ob i um t r i f o l i i  mut an t s . 
GLC=g l uc ose , GAL=g a l actose , GLCA=g l uc ur on i c  ac i d ,  
PYR=p yruvat e .  
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< A >  < B> 
DCHOAC DCHOAC 
I t 
HCOME HCOME 
I I I 
MEOCH 235 233 ME OCH 
I I 
HCOAC HCOAC 
I I 
HCOAC HCOAC 
I I 
DCDOAC HCHOAC 
F I GURE 8 .  Schemati c  o f  p ar tial l y met h y l a t ed an d 
p ar t i a l l y  ac e t y l ated a l d i t o l s of < A> 4-g l uc u r on os y l  an d 
< B> 4-g l u c asy l . Th e mass t o  c har g e  r atio s  a r e  g iven f or 
t h e  l ar g est p r ima r y  f r ag men t s .  AC=ac e t at e ,  ME=met h y l , 
D=d eut er ium . C M.Mc Nei l p er sone l c omm . > .  
43 
APPEND I X  1 .  
MOD I F I ED BERGERSEN � s  MED I UM 
I NGRED I ENT 
CaC 1_ 2 2H 20 
Na 2HPO 4 7H fJ 
Mg S04 7H 2 0 
FeC 1 2 
Th i am i ne HC l 
B i ot i n  
G l ut am i c  aci d 
Man n i t ol 
Yeast Ex t r act 
AMOUNT / L I TER 
0 . 05 g 
0 . 36 g 
80 . 0  mg 
3 . 0 mg 
2 . 0 mg 
2 . 0 mg 
0 . 5 g 
1 0 . 0 g 
0 . 5 g 
Tr ace e l emen t s : 
CaC I 2 2H 2o 
H j303 
FeS04 7H 20 
CaC l 2 6H 20 
CuS04 SH 20 
Mn C l 2 4H 20 
Z n S04 7H 20 
Na 2Mo0 4 
6 . 6 mg 
0 . 1 45 mg 
0 . 1 25 mg 
0 . 059 mg 
0 . 005 mg 
0 . 0043 mg 
0 . 1 08 mg 
0 . 1 25 mg 
Adj ust pH t o  5 . 0 t h en ad d 
EDTA 7 . 0 mg 
44 
Ad j ust p H  t o  6 . 8 b ef or e  aut oc l avi n g . 
For so l i d  med i a add 1 5 . 0 g agar < D i f co ) / L i ter . 
45 
APPEND I X  2 .  
V I NCENT ' S MED I UM 
INGRED IENT AMOUNT / L I TER 
- - - - - - - - - -
- - - - - - - - - - · - -
MgS04 7H zO 1 5 . 0 g 
CaC l z 2H zO 5 . 0 g 
f"2 HP04 60 . 0  g 
FeC 1 2 < an h yd r ou s > 0 . 1 8  g 
NaC l 5 . 0  g 
B i o t i n 20 . 0 mg 
C a l c i um p an t o t h en a t e  1 0 . 0 mg 
Th i a m i n e  HC l 1 0 . 0 mg 
Man n i t o l  1 0 . 0 g 
G l u t am i c ac i d  1 .  1 g 
Ad j ust pH t o  6 . 8-7. 0 .  
For s o l i d  med i a add 1 5 . 0 g ag ar ( D i f c o ) / L i t er . 
46 
APPEND I X  3. 
HE X OSE ASSAY 
REAGENTS : 
1 .  0 . 27. an t h r on e  i n  c on c en t r a t ed s u l f ur i c ac i d .  
2 .  1 mg / m l  so l u t i on s  of samp l es .  
3 .  1 mg / m l  g l ucose a s  s t an d ar d . 
PROCEDURE : 
1 .  To 0 . 5 m l  of samp l e  a d d  1 m l  of an t h r on e .  
2 .  Vor t ex s amp l e  and h e at f or 5 m i n u t e s  i n  b o i l i n g w a t er 
b a t h . 
3 .  Read absor b an c e  of samp l es at 620 n m . 
4 .  For s t a n d ar d s  use var i ous c on c en t r at i on s  o f  1 mg / m l  
g l u c ose at a t ot a l  v o l ume o f  0 . 5 ml . 
47 
APPEND I X  4 .  
PREPAR I NG  ALD I TOL ACETATES 
REAGENTS : 
1 .  2 . 0 M t i r f l uor oac et i c  ac i d  < TFA > . 
2 .  1 0  m g / m l  so l ut i on of sod i um b or oh yd r i d e  i n  1 N 
ammon i um h y d r ox i de .  Or 1 0  mg / m l  so l ut i on of sod i um 
b o r o d eu t er i d e i n  1 N ammon i um h yd r o x i d e / 507. e t h an o l  f or 
met h y l at e d  samp l ees . 
3 .  G l ac i a l  ac et i c  ac i d .  
4 . Met h a n o l . 
5 .  1 07. g l ac i a l ac et i c  ac i d  i n  met h an o l . 
6 .  P yr i d i n e .  
7 .  Ac et i c  a n h y d r i d e .  
8 .  Ch l orof or m .  
9. 1 mg / m l  s o l ut i on s t an d ard sugars 
< r h amn ose , f uc o se , r i b o se , x y l os e , man n ose , g a l ac t ose , g l uc ose , 
an d h e p t ose > . 
s t an d ar d . 
PROCEDURE : 
1 mg / m l  s o l ut i on of i n o s i t o l  as an i n t er n a l  
1 .  Det er m i n e  t h e  p er c en t  h ex ose i n  t h e  samp l e b y  us i n g 
t h e  h e x ose assay . 
48 
2 .  P l ac e a v o l ume o f  samp l e e q u i va l en t t o  0 . 25 mg h ex ose 
i n  a screw t op t est t ub e .  P l ac e 0 . 1 m l  o f  s t an d ar d sugar 
sol ut i on i n  sc r ew t op t est t ub e . To samp l es and s t an d ar d  
add 0 . 02 m l  o f  i n os i t o l . Freez e dry a l l samp l es .  
3 .  A d d  0 . 5 m l  of TFA t o  eac h samp l e  an d h eat f or 2 h our s 
at 1 2 1  C .  Heat f or 1 h our at 1 2 1  C f or met h a n o l y s i s 
samp l es .  
4 .  Remove t u b e s  an d b l ow d r y  w i t h  f i l t er ed a i r .  Th i s  may 
b e  d on e  a t  40-50 C .  I f  t h e  samp l e  i s  met h y l at ed b l ow d r y  
a t  r oom t emp er a t ur e . 
5 .  A d d  0 . 25 m l  of sod i um b or ohydr i d e s o l ut i on and l et 
st a n d  at r oom t emperat u r e  f or 1 h our . For met h y l ated 
samp l e  a d d  0 . 25 ml of sod i um b o r od eut er i d e and l et st a n d  
at r oom t emp er a t ur e  f or 2 h our . 
6 .  Add 0 . 05 m l  of g l ac i a l  acet i c  ac i d .  V i g or ous b ub b l i n g 
w i l l  t a k e  p l ac e .  Rep eat t wo mor e t i me s . 
7 .  A d d  0 . 5 m l  of 107. g l ac i a l ac et i c  ac i d  i n  met h a n o l  a n d  
b l ow d r y  w i t h  f i l t er ed a i r at 40-50 C .  For met h y l ated 
samp l es b l ow dry at r oom t emp eratur e .  Repeat t h r ee mor e 
t i mes . 
8 .  Ad d 0 . 5 m l  o f  met h an o l  a n d  b l ow d r y  w i t h  f i l t er ed a i r 
at 40-50 C .  For meth y l at ed samp l es b l ow d r y  at r oom 
t emp e r at ur e .  Rep eat t h r ee mor e t i mes . 
9 .  Add 0 . 05 m l  of p yr i d i n e and 0 . 05 m l  of acet i c  
an h yd r i d e .  Vor t e x . Heat at 1 2 1  C f or 30 m i nutes . 
1 0 .  Remove and c o o l  on i c e .  
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1 1 .  Ex t r ac t  b y  add i n g 0 . 5 m l  of c h l or of or m and 0 . 5 m l  of 
wat er . C en t r i f ug e  f or 5 m i n u t es . Remove c h l or of or m l ayer 
and t r an sf er t o  an ot h er t ub e .  
c omb i n e t h e  t wo ex t r ac t s .  
Repeat on e mor e t i me and 
1 2 .  B l ow t h e  c h l or of or m dry w i t h  f i l t er ed a i r at r oom 
temp er a t ur e . 
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APPEND I X  5 .  
URON I C  AC I D  ASSAY 
REAGENTS : 
1 .  0 . 0 1 25 M sod i um t e t r a b or at e  i n  c o n c en t r a t ed su l f ur i c 
ac i d  < st or e  at 4 C > . 
2 .  0 . 1 57. m-h y d r ox yd i p h en y l  i n  0 . 57. s od i um h yd r ox i d e 
< st o r e  at 4 C > . 
3 .  0 . 1 mg / m l  g l u c u r on i c  ac i d  as s t an d ar d . 
PROCEDURE : 
1 .  To 0 . 2 ml of samp l e  add 1 . 2  m l  of sod i um t et r ab or at e .  
2 .  Vor t ex a n d  h eat i n  b o i l i n g  wat er b at h  f or 5 m i n ut es . 
3 .  Remove a n d  c o o l  i n  c o l d wat er b at h  f or 2 m i nut es . 
4 .  A d d  0 . 02 m l  of m-h y d r o x yd i p h en y l . 
5 .  Vor t ex . I f  samp l es t ur n  b r own p r ep ar e  a dup l i cate set 
w i t h  0 . 57. sod i um h y d r ox i d e w i t h out m-h ydox yd i phen y l . 
6 .  A l l ow t o  s t a n d  a t  r oom t emp er t u r e  f or 5 m i n ut es . 
7 .  Read a b s or b an c e  a t  520 n m .  Sub t r ac t  the dup l i c a t e  set 
f r om t h e  samp l e  vo l ume . 
8 .  For t h e  s t an d ar d  p r ep a r e  var i ous c on c en t r at i on s  f r om 
t h e  0 . 1 mg / m l  g l ucur on i c  ac i d .  
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METHANOLYS I S  
REAGENTS : 
1 .  1 M h yd r oc h l or i c  ac i d  i n  met h an o l . 
2 .  1 0  mg / m l  s o l ut i on of sod i um b or oh y d r i d e i n  1 M 
ammon i um h yd r ox i d e /  50'l. et h an o l . 
3 .  G l ac i a l acet i c  ac i d .  
4 .  Met h a n o l . 
5 .  50% e t h an o l . 
6 .  1 0% g l ac i a l a c et i c  ac i d  i n  met h an o l . 
7 .  Rex yn 1 0 1 -H c at i on ex c h an g e  r es i n < F i s h er > . 
8 .  S t a n d a r d  sug ars a s  i n  p r ep ar i n g t h e  a l d i t o l  ac et a t es . 
PROCEDURE : 
l .  P l a c e  a vo l ume of samp l e e qu i va l en t t o  0 . 25 mg of 
h ex ose i n  a s c r ew t op t es t  t ub e .  P l ac e 0 . 1 mg o f  st a n d a r d  
sug ar s  i n  a s c r ew t op t est t ub e .  Add 0 . 02 mg of i n os i t o l  
t o  eac h o f  t h e  s amp l es an d s t an d ar d sug ar s .  
2 .  A d d  0 . 5 m l  o f  met h an o l i c  h yd r oc h l or i c  ac i d  and h eat f or 
1 6  h our s at 80 C .  
3 .  Remove and c oo l  on i c e .  
r oo m  t emp er a t ur e . 
B l ow d r y  us i ng f i l t er ed a i r a t  
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4 .  Ad d 0 . 25 m l  of sod i um b or oh yd r i d e sol ut i on san i c at e  f or 
1 h our and l et stan d a t  r oam t emp er at ur e  f or 1 6 h our s .  
5 .  Ad d 0 . 05 m l  o f  g l ac i a l ac et i c  ac i d .  V i g or ous b ub b l i n g 
shou l d t a k e  p l ac e .  Repeat t wo mor e t i mes . 
6 .  Add 0 . 5 m l  of 1 07. g l ac i a l a c et i c  ac i d  i n  met h an o l  a n d  
b l ow d r y  at r oom t emp er a t ur e .  Rep eat t h r ee mor e t i mes . 
7 .  Add 0 . 5 m l  of met h an o l  a n d  b l ow d r y  a t  r oom 
t em p er a t ur e . Rep eat t h r ee mor e t i mes . 
8 .  Add 1 . 0  m l  of 507. et h an o l  a n d  vor t ex . Add some Rex yn 
1 0 1 -H+ beads an d vor t ex . 
9 .  Remove a queous l ayer an d r ep eat . 
1 0 . B l ow a queous l ayer s d r y  w i t h  f i l t er ed a i r at r oom 
t em p er a t ur e .  
1 1 . Fo l l ow p r oc edur es f or p r ep ar i n g a l d i t o l  a c et ates . 
53 
APPEND I X  7 .  
PYRUV I C  AC I D  ASSAY 
REAGENTS : 
1 .  500 umo l es of 2 , 4-d i n i t r op h en y l h yd r az i n e < DNP > i n  1 00 
m l  of 2 . 0 N h y d r oc h l or i c ac i d . 
2 .  2 . 2 N sod i um h y d r ox i d e .  
3 .  2 . 0 N h yd r oc h l or i c  a c i d .  
4 .  To l uen e .  
5 .  1 0 . 07. sod i um c ar b on at e .  
M a k e  f r e sh w i t h  eac h use . 
6 .  S t a n d a r d  p yr uv i c a c i d  i s  0 . 5 mg / m l  i n  wat er . 
PROCEDURE : 
1 .  To a s amp l e  v o l ume of 0 . 2 m l  ( dep r ot e i n at ed w i t h  
p e r c h l or i c  ac i d  i f  n ec essar y ) a d d  0 . 3 m l  u f  2 . 0 N 
h y d r o c h l or i c a c i d .  
2 .  Heat i n  sea l ed t ub e  f or 3 h our s at 1 00 C .  
3 .  Remov� an d add 0 . 1 m l  o f  DNP and vor t ex . Let s t a n d  at 
r ocm t emp er at ur e  f or 30 m i n u t es . 
4 .  Add 0 . 6 m l  of t o l uen e an d vor t ex . 
5 .  Remove t h e  b ot t om l ayer an d d i s c ar d . To t h e  t op 
t o l uen e l ayer ad d 0 . 6 m l  of 1 0 . 0'l. sod i um c ar b on at e .  
Vor t ex . 
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6 .  Remove t h e  b o t t om l ayer and t r an sf er t o  an ot h er t est 
t ub e .  
7 .  Add 0 . 4 m l  of wat er a n d  1 . 0  m l  o f  2 . 2 N sod i um 
h y d r ox i d e .  Vor t ex . 
8 .  Read absor b a n c e  a t  4 1 6  n m .  
9 .  For t h e  s t a n d a r d  p r ep ar e  var i ous c on c en t r at i on s  o f  
p y r uv i c ac i d  f r om t h e  0 . 5 mg / m l  p y r uv i c a c i d  st an d ar d . 
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ACETYL GROUP ASSAY 
REAGENTS : 
1 .  2 . 0 M h yd r ox y l am i n e-h yd r oc h l or i d e < store at 4 C > . 
2 .  3 . 5 M sod i um h y d r ox i d e .  
3 .  Hyd r oc h l or i c  ac i d  C on e  p ar t  c on c en t r a t ed h yd r o c h l or i c 
ac i d  a n d  t wo p ar t s  water ) . 
4 .  0 . 37 M i r o n  c h l or i d e  i n  0 . 1 N h yd r o c h l or i c  ac i d .  
5 .  0 . 5 mg / m l  g l u c o s e  p en t ac et a t e  i n  met h an o l . 
PROCEDURE :  
1 .  M i x e qu a l  p ar t s  of 2 . 0 M h y d r ox y l am i n e  an d 3 . 5 M 
sod i um h yd r ox i d e j ust b e f or e  use . 
2 .  To 0 . 4 m l  of samp l e  a d d  0 . 4 m l  of r ea g en t made i n  s t ep 
on e . 
3 .  Vor t ex a n d  l et st and f or at l east one m i nute at room 
t em p er a t ur e .  
4 .  A d d  0 . 2 m l  of h y d r oc h l or i c ac i d  r eagent an d vor t ex . 
5 .  Ad d 0. 2 m l  of i r on c h l or i d e r eagen t  an d vor t ex . 
6 .  Read absor b a n c e  a t  540 n m .  
7 .  For st an d ar d s  use var i ous c on c en t r at i on s  o f  0 . 5 mg / m l  
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g l ucose p en t ac e t at e . 
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GAS CHROMATOGRAPH I C  ASSAY OF ACETYL GROUPS 
REAGENTS : 
1 . 1 'f.  p r op i on i c  ac i d .  
2 .  1 7.  g l ac i a l a c et i c  ac i d .  
3 .  0 . 05 N NaOH . 
4 .  1 . 0  N H C l  
5 .  S t an d ar d s , e a c h  c on t a i n i n g 0 . 1 7.  p r op i on i c  ac i d  an d 
0 . 1 7. ,  0 . 087. , 0 . 067. , 0 . 047. , an d 0 . 027. g l ac i a l ac et i c  ac i d . 
A l l d i l ut i on s  ar e mad e i n  0 . 05 N NaOH an d t h en n eut r a l i z ed 
w i t h  1 . 0  N HC l . 
PROCEDURE : 
1 .  To 1 mg of mat er i a l add 0 . 075 m l  of 0 . 05 N NaOH a n d  
son i c at e f or 1 h ou r . 
2 .  Let s t a n d  at r oo m  t emper at ur e  f or t h r ee mor e h our s .  
3 .  Neut r a l i z e w i t h  4 . 0 u l  o f  1 . 0  N HC l . 
4 .  I n j ec t  1 u l  i n t o  GC . 
5 . Tr eat t h e  st an d ar d s  i n  t h e  same way , a l ways k eep i ng 
t h e  t ot a l  v o l ume t h e  same i n  b ot h  stan d ar d s  an d samp l es .  
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METHVLAT I ON 
REAGENTS : 
1 .  S od i um h yd r i d e i n  o i l .  
2 .  Hex anes . 
3 .  Met h an o l . 
4 .  0 . 1 N h y d r oc h l or i c a c i d .  
5 .  Met h y l  i od i d e .  
6 .  D i met h y l  sul f ox i d e < DMSO > . 
PROCEDURE : 
1 .  To p r e p ar e  DMSO an i on t a k e  1 . 4 g of sod i um h yd r i d e and 
wash t h r ee t i mes w i t h  h ex an e .  D i sc ar d h ex an e i n t o  
met h an o l . 
2 .  Dr y t h e  washed sod i um h yd r i de un der a s t r eam of g e n t l e  
n i t r og en . 
3 . Add f our m l  of DMSO d r op w i se w i t h  st i rr i n g .  A l l ow 
r eac t i on t o  p r oc eed f or at l east 30 m i n ut es at r oom 
t emp e r a t ur e .  
4 .  R emove 0 . 05 m l  o f  DMSO an i on and add t wo d r o p s  o f  
p h en o l p h t at a l e i n a n d  t i t r at e  w i t h  0 . 1 N h yd r oc h l or i c  ac i d .  
C a l c u l at e t h e  mo l ar i t y of t h e  DMSO an i on j ust p r e p a r ed . 
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S .  D i s so l ve 1 - 1 0  m g  of samp l e  i n  1 -2 m l  o f  DMSO . Son i c ate 
over n i g h t  t o  d i sso l ve c omp l et el y . 
6 .  Add a vo l ume DMSO an i on t o  e qua l 0 . 0025 mo l es an d 
son i c at e  f or 1 h our . 
7 .  Ad d a v o l ume of met h y l i od i d e s o  t hat t h e  n umb er of 
mo l es of met h y l i od i d e ar e e qu i v a l en t to t h e  n umber of 
mo l es of DMSO an i on add ed . S on i c a t e  f or 1 h our . 
8 .  Rep eat b ot h  st ep s  a t ot a l  of f our t i me s . T h e  l ast 
t i me ad d 1 0  t i mes the vol ume of met h y l i od i d e n or m a l l y  
ad d ed a n d  son i c ate f or 1 6  h our s .  
9 .  For d e p yruvyl a t i n g samp l es bef ore met h y l at i on d i sso l ve 
t h e  samp l e  i n  l mM ox a l i c  ac i d / 1 00mM sod i um c h l or i d e an d 
h eat f or 5 h our s at 1 00 C .  Remove samp l es and d i a l y z e  
a g a i nst water . 
or met h y l ated . 
Th e samp l e  may t h en be c ar b ox y l -r educed 
1 0 .  To r ed uc e  the c ar b ox y l  g r oup i n  t h e  samp l e  b ef or e 
met h y l at i n g  t r eat t h e  samp l e  up t o  step 8 .  B l ow d r y  t h e  
samp l e  un d er a s t r eam of n i t r ogen . 
ag a i n s t  wat er . 
D i a l yz e  t h e  samp l e 
1 1 .  D i sso l ve t h e  samp l e  i n  0 . 25 m l  of a 1 0  mg / m l  sol ut i on 
of sod i um b or od eut er i d e i n  1 M ammon i um h yd r ox i d e / 50% 
e t h a n o l . Let s t a n d  f or 1 6  h our s at r oo m  t emp er at ure . 
1 2 .  Add 0 . 05 m l  of g l ac i a l ac et i c  ac i d .  V i g or ous b ub b l i n g 
s h ou l d t a k e  p l ac e .  Repeat t wo mor e t i me s . 
1 3 .  Ad d 0 . 5 m l  of 1 07. g l ac i a l acet i c  ac i d  i n  met h an o l  an d 
b l ow d r y  w i t h  f i l t e r e d  a i r at r oom temp er a t ur e .  Rep eat 
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t h r ee mor e t i mes . 
1 4 .  A d d  0 . 5 m l  of met h a n o l  and b l ow d r y  as ab ove . Repeat 
t h r ee mor e t i mes . 
1 5 .  Pr oc eed w i t h  t h e  met h y l a t i on at st ep a .  
1 6 .  Af t er met h y l at i on t h e  samp l e  i s  p ur i f i ed b y  r ever sed 
p h ase c h r omat og r ap� y on C 1 8  < Sep Pak > c a r t r i d g es and 
a l d i t o l  ac et a t es ar e p r ep ar ed . 
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REVERSE PHASE CHROMATOGRAPHY 
REAGENTS : 
1 .  C 1 8  c ar t r i dg es < Mi l l i p or e , Wat er s Ass . > .  
2 .  D e i on i z ed wat er . 
3 .  1 57. acet on i tr i l e . 
4 .  207. aceton i t r i l e . 
5 .  1 007. ac et on i t r i l e . 
6 .  957. et h an o l . 
PROCEDURE : 
1 .  To met h y l ated samp l e  a d d  0 . 5- 1 . 0  m l  of wat er . 
2 .  F l ush t h r ough Sep P a k  at a f l ow r at e  o f  1 -2 d r op s  p er 
sec on d . D i sc ard ef f l ue n t . 
3 .  F l ush Sep Pa k w i t h  2 m l  of wat er . Rep eat t h r ee mor e 
t i mes d i sc ar d i n g  ef f l uen t eac h t i me .  
4 .  F l ush Sep Pak w i th 2 m l  o f  1 57. ac et on i t r i l e . Rep eat 
one mor e t i me d i scard i n g ef f l uen t eac h t i me .  
5 .  F l ush Sep P a k  w i t h  2 m l  o f  207. a c et on i t r i l e . Rep eat 
on e mor e t i me d i sc ard i n g ef f l uen t eac h t i me .  
6 .  Fl ush Sep P a k  w i t h  2 m l  o f  1 007. ac et on i t r i l e . Save . 
7 .  Fl ush Sep Pa k w i t h  4 m l  o f  et h an o l . S a ve . 
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8 .  Comb i n e ef f l uen t s  f r om steps 6 and 7 and b l ow d r y  
usi n g  f i l tered a i r a t  r oom t emper atur e .  
9 .  Prepare a l d i t o l  acetates o f  the samp l es .  
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